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Abstract: This letter focuses on the synthesis of multi-walled carbon nanotubes (MWNTs) and MWNTs/ZnO
nanocomposites using absorbent cotton. The MWNTs have been synthesized by a rapid heating of absorbent
cotton at diﬀerent temperature (400℃, 550℃, 600℃). The MWNTs/ZnO nanocomposites have been synthe-
sized by heating mixtures of Zn(OH)2/H2O/absorbent cotton at diﬀerent temperature (at about 550℃ and
600℃). The X-ray diﬀraction (XRD) pattern and energy dispersive spectrum (EDS) clearly show that the pure
MWNTs and ZnO nanocomposites (with a mean size of 35.9 nm) were synthesized. The scanning electron mi-
croscopy (SEM) images demonstrate that the structure of synthesized MWNTs was middle-hollow, with inner
and outer diameter of around 10 and 80 nm. The ZnO nanocomposites that had grown on the walls of MWNTs
were nonuniform and agglomerated, with an outer diameter of around 110 nm. The selected area diﬀraction
(SAD) patterns and Raman spectrum indicate that the MWNTs were well-crystallised, and there are a few
defects in the walls. Infrared absorption spectroscopy (IR) spectra suggest that the surface of MWNTs has
been covered by ZnO.
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Introduction
In recent years, there has been an increasing interest
in developing materials with low dimensional nanos-
tructure such as nanotubes and nanocrystals due to
their potential applications in nanoscale devices. Multi-
walled carbon nanotubes (MWNTs) have attracted
considerable attention owing to their chemical stability,
unique electrical property, and extraordinary strength
[1]. The commonest fabrication techniques are elec-
tric arc discharge [2,3], laser ablation [4,5], chemical
vapor deposition (CVD) [6,7], and ﬂame synthesis [8].
Although many eﬀorts have been made in developing
those methods above, high temperature, complicated
control, and expensive or unrenewable materials are al-
ways needed.
Zinc Oxide (ZnO), with a wide direct bandgap
(3.37 eV) at room temperature, is an important semi-
conductor material applied in conventional catalysis
process. ZnO nanostructures have profound applica-
tions in optics, optoelectronics, and actuators due to
many unique properties such as good optical activity,
better sensitivity for UV light, high stability, catalytic
activity, and low production cost [9-11]. In our previous
work, ZnO nanoparticles have been successfully synthe-
sized using plants [12,13]. Recently, ZnO nanocompos-
ites grown onto MWNTs could reduce the threshold
electric ﬁeld because ZnO has smaller electron aﬃnity
than the MWNTs, and the MWNTs/ZnO nanocompos-
ites junction is similar to a ZnO/metal junction allow-
ing electrons to be easily emitted into a vacuum [14,15].
It is well known that cotton contains a large amount
1School of Chemistry and Chemical Engineering, Bohai University, Jinzhou 121013, China
2School of Urban and Environmental Sciences, Northeast Normal University, Changchun 130024, China
*Corresponding author. E-mail: qujiao@bhu.edu.cn; fplj lcq@163.com; Tel: +864163400302; Fax: +864163400161.
Nano-Micro Lett. 3 (2), 115-120 (2011)/ http://dx.doi.org/10.3786/nml.v3i2.p115-120
Nano-Micro Lett. 3 (2), 115-120 (2011)/ http://dx.doi.org/10.3786/nml.v3i2.p115-120
of vascular bundles, and their components are cellu-
lose, hemicellulose, and lignin. The present work shows
that MWNTs can be obtained by heating grass con-
taining much tubular cellulose in the presence of a
suitable amount of oxygen [16,17]. The treatments of
removing protein and grease in the synthetic method
of MWNTs from vascular bundles will be unneces-
sary if the absorbent cotton is used as the source of
carbon. In this work, MWNTs and MWNTs/ZnO
nanocomposites were synthesized using absorbent cot-
ton as the source of carbon, and characterized using
special technique explained under experimental section.
To our knowledge, this is the ﬁrst report on the syn-
thesis of MWNTs and MWNTs/ZnO nanocomposites
using absorbent cotton. The method of synthesizing
MWNTs and MWNTs/ZnO nanocomposites using ab-
sorbent cotton may be adaptable to industry.
Materials and Methods
Materials
Absorbent cotton and ZnO powders were purchased
from the market and used without any further puriﬁ-
cation.
Synthesis of MWNTs
0.9 g absorbent cotton was rolled out onto the cru-
cible, put into the muﬄe furnace, heated to about
400℃ rapidly, and kept at about 400℃ for 3min. Sub-
sequently, the samples were cooled to room tempera-
ture. The heat treatment (at about 400℃ was repeated
many times and the products containing MWNTs were
collected. Finally, the collected products were washed
3 times with ethanol and water to remove impurities,
and oven-dried at 105℃ for 72 h.
Similarly, the above processes were treated at 550℃,
600℃, respectively.
Synthesis of MWNTs/ZnO Nanocomposites
Absorbent cotton was added into the solution of
Zn(OH)2 (3 g ZnO dissolved in 100ml water), and
shaken (300 rpm) at 25℃ for 72 h. Afterward, the ab-
sorbent cotton with Zn(OH)2 was dried in an oven at
105℃ for 24 h, and treated with the above processes (as
shown in 2.2 fraction) at 550℃ and 600℃, respectively.
Characterization
The products were characterized by the methods
as follows: X-ray diﬀraction (XRD) patterns were
carried out with the Al Kα line as the excitation
source (hν=1486.6 eV) using a PHI 5000C (Perkin-
Elmer, USA); scanning electron microscopy (SEM) im-
ages were performed using a JEOL JSM-840 operated
at 20 kV; and energy dispersive spectra (EDS) were
obtained using an Oxford EDX system attached to
SEM. The products containing MWNTs were charac-
terized further by the following methods: selected area
diﬀraction (SAD) pattern was taken on high resolution
scanning electron microscopy attached to SEM; Ra-
man spectrum was obtained using a micro-Raman spec-
trometer (Nicolet Almega XR) with a 473 nm laser as
an excitation source; Infrared absorption spectroscopy
(IR) spectra (4000∼400cm−1) were measured using a
IR spectrometer (Nicolet Antaris II).
Results and Discussion
The XRD patterns of the powdered MWNTs
and the MWNTs/ZnO nanocomposites synthesized in
600℃ are shown in Fig. 1. From Fig. 1(a), the char-
acteristic peak at 2θ=25.8◦ represents graphite peak
corresponding to C of the MWNTs and reveals the crys-
tallinity of the MWNTs [18]. Moreover, the peaks at
other degrees are observed clearly in the proﬁle. It indi-
cates that some impurities were combined in the walls
Fig. 1 XRD patterns of the products: (a) containing MWNTs, (b) containing MWNTs/ZnO nanocomposites.
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of synthesized MWNTs. The diﬀractions of
both MWNTs and ZnO could be observed in
Fig. 1(b). Except the peak corresponding to C
of the MWNTs, the XRD peaks reveal good
agreements with ZnO (JCPDS 36-1451). The
main dominant peaks for ZnO are identiﬁed at
2θ=31.76◦, 34.43◦, 36.20◦, 47.48◦, 56.45◦, 62.77◦,
66.27◦, 67.88◦ and 68.99◦, which can be indexed
as (100), (002), (101), (102), (110), (103), (200),
(112), (201) planes of ZnO, respectively. The
main diﬀraction peaks related to the impurities
are not observed, it means that the MWNTs/ZnO
nanocomposites were pure.
The ZnO nanocomposites grown onto the sur-
face of MWNTs may be produced by the following
process:
ZnO+ H2O→ Zn(OH)2 (1)
Absorbent cotton + Zn(OH)2 →
MWNTs + ZnO→ MWNTs/ZnO (2)
XRD results of ZnO show prominent 100, 002
and 101 reﬂections among which 101 is of high-
est intensity [19-21]. The diameter (D) of the
ZnO nanoparticles was calculated using the Debye-
Scherrer formula D=Kλ/(βcosθ), where K is the
Scherrer constant (0.9 in this study), λ is the X-
ray wave length, β is the peak width at half-
maximum, and θ is the Bragg diﬀraction angle.
The XRD peaks show that the ZnO nanoparti-
cles had a diameter of about 35.9 nm. Further-
more, the dominant peaks of ZnO were more inten-
sive and narrower, which are in good agreements
with the characteristic of the previously synthe-
sized ZnO nanoparticles [12,22,23] and mean that
a good crystalline nature of the ZnO have grown
on the surface of MWNTs.
Figure 2 (a) shows the typical SEM images of
the MWNTs. The walls are composed of graphite
sheets aligned to the tube axis. The structures of
individual MWNTs are middle-hollow. The outer
and inner diameter is 80 and 10 nm, and the length
of nanotubes observed is longer than 1μm. As
shown in Fig. 2(b), ZnO nanoparticles have grown
on the surface of the MWNTs. The outer diameter
of MWNTs/ZnO nanocomposites is about 110 nm.
Fig. 2 SEM images of the products: (a) containing MWNTs, (b) containing MWNTs/ZnO nanocomposites.
To obtain the more details of the MWNTs,
the structures of framework were characterized by
SAD and Raman spectrum. The MWNTs are
well-crystalline, which is resulted from SAD pat-
tern in Fig. 3. The SAD pattern is characteristic
of MWNTs, and the two elongated arcs and cir-
cle correspond to the planes of graphite carbon,
which are consistent with the XRD results. The
wall of the MWNTs is composed of high-quality
graphite layers, but there are a few defects in the
walls of the MWNTs. It was proved further by the
Raman spectrum (shown in Fig. 4). The peak at
1580 cm−1 (G-band) corresponds to an E2g mode
of graphite and is related to the vibration of sp2-
bonded carbon atoms in a two-dimensional hexag-
onal lattice, such as in a graphite layer. Nanotubes
with concentric multi-walled layers of the hexago-
nal carbon lattice display the same vibration. The
D-band at around 1360 cm−1 is associated with vi-
brations of carbon atoms with dangling bonds in
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plane terminations of disordered graphite or glassy
carbons. The inverse of the ID/IG intensity ration
between the G- and D- bands is a usual measure
of the graphitic ordering and may also indicate
the approximate layer size in the hexagonal plane,
La [24,25]. In this work, the ID/IG ratio of the
MWNTs is about 0.47. The length of nanotubes
observed in SEM images is longer than 1 μm, which
does not agree with the calculation using the for-
mula La=44(ID/IG)-1. This is consistent with the
prior reports by Kang et al. [17].







Fig. 4 Raman spectrum of the products containing
MWNTs.
Here an important question emerged: are the
tubelike carbon structures prepared with this
method genuine multi-wall nanotubes or just a
simple “open graphitic structures”. In botany,
vascular bundles are a strand of conducting tis-
sue extending lengthwise through the stems of
plants, including ferns, fern allies, gymnosperms,
and angiosperms. They have similar tubular struc-
tures, and the major compositions are also cel-
lulose, hemicelluloses and lignin. In our experi-
ment, four pieces of evidence are found which may
support the result that the products are really
MWNTs. First, XRD pattern of the MWNTs in-
dicates that the characteristic peak at 2θ=25.8◦
represents graphitic peak corresponding to C of
the MWNTs and reveals the crystalline of the
MWNTs. Second the high-resolution SEM im-
age shows that the wall-to-wall distance is uni-
form, 80 nm, can be seen that the vascular bun-
dles are still maintaining tubular structures, while
it is nearly impossible for the open graphitic struc-
tures to obtain all such perfect structure. Third,
the SAD pattern of the tube like carbon struc-
tures reveals that the products are single crys-
talline, which cannot form through a simple “open
graphitic structures”. Fourth, the Raman spec-
trum exhibits no plane termination in the prod-
ucts combined with the straight ﬁgure. These evi-
dences further conﬁrm that the products are well-
crystalline MWNTs.
During this approach, water is lost, ﬁrst from
that absorbed by the cellulose and then by β-
elimination from the cellulose hydroxyls, which
makes the tubular structures contract and realizes
the formation of C=C double bonds. Simultane-
ously, the oxygen makes the pyrolytic reactions of
the vascular bundles more rapid. The complex
chemistry of the C-O-H system is also helpful in
the synthesis of MWNTs. Base on these results
and theories the formation of MWNTs is not the
open graphitic structures.
As shown in Fig. 5, the inﬂuence of temperature
on the synthesis of MWNTs and MWNTs/ZnO
nanocomposites can be clarify brieﬂy. The typi-
cal IR spectra of the samples which were obtained
by heat treatments at about 400℃, 550℃ and
600℃ are shown in Fig. 5(a), (b), and (c). Fig-
ure 5(c) shows a typical IR spectrum of the ﬁ-
nally obtained carbon nanotubes. The peak at
1569.5 cm−1 is associated with the vibration of the
carbon skeleton of the carbon nanotubes. The
peaks at about 2368.7 and 2337.6 cm−1 corre-
spond to the C=C double bonds stretch vibra-
tion, originated from the surface of tubes [26].
The peaks at 1706.6, 1130.2 cm−1 indicate the ex-
istence of carboxylic groups on the tubes. The
peak at 3867.3 cm−1 corresponds to the stretch-
ing vibrations of OH groups. With the increas-
ing of temperature, the peaks corresponding to
carboxylic groups became more and more nar-
row and weak. These results mean that the
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carboxylic groups were eliminated step by step,
and the cellulose was converted into the car-
bon skeleton of the carbon nanotubes with the
increasing of temperature. From Fig. 5(d) and
(e), the IR spectra of MWNTs/ZnO nanocom-
posites are helpful to understand further the for-
mation of them, which reveal the diﬀerent sur-
face chemistry of MWNTs and the MWNTs/ZnO
nanocomposites. In the high frequency region,
the weak peaks around 3516.0∼3948.0 cm−1 can
be observed, which can be assigned to the stretch-
ing vibrations of OH groups. Compared with the
IR spectra of MWNTs, the two peaks at 2368.7
and 2337.6 cm−1 became narrower, and the peaks
around 1709.8∼1060.5 cm−1 are lower in the com-
posite than those of MWNTs. The result sug-
gests that the surface of MWNTs has been cov-
ered by ZnO. Furthermore, peaks observed at
low frequency region (around 500∼700 cm−1) in
MWNTs/ZnO nanocomposites are assigned to the
Zn-O. Compared with Fig. 5(d), the peaks are
weaker than them in the Fig. 5(e), and it is in
agreement with the variation (see Fig. 5(b) and
(c)). In addition, most of peaks can’t be observed
clearly which may be caused by noise.

























Fig. 5 IR spectra of the products: (a) containing MWNTs
in 400℃, (b) containing MWNTs in 550℃, (c) contain-
ing MWNTs in 600℃ obtained ﬁnally; (d) containing
MWNTs/ZnO in 550℃, (e) containing MWNTs/ZnO in
600℃.
The result of Raman spectrum indicates there
are some defects in the walls of MWNTs, which
have potential applications in catalysis by using as
catalyst supports [27]. Some ZnO particles were
just covered on the surface of MWNTs via physical
adsorption. At the same time, ZnO particles also
can enter the defects in the walls of the MWNTs.
In the EDS spectrum of the MWNTs/ZnO
nanocomposites, as shown in Fig. 6, the peaks
of C, O and Zn are obviously observed. The
peak of Cu resulted from the conductive adhesive.

























Fig. 6 EDS spectrum of the products containing MWNTs/
ZnO nanocomposites.
Conclusion
In this work, MWNTs and MWNTs/ZnO
nanocomposites were synthesized using absorbent
cotton and ZnO powders. The MWNTs and
MWNTs/ZnO nanocomposites were characterized
by XRD, SEM, EDS, SAD, Raman spectrum, and
IR. The results indicate that the pure MWNTs
were synthesized. The structure of synthesized
MWNTs was middle-hollow, with inner and outer
diameter of around 10 and 80 nm. The ZnO
nanocomposites that had grown on the walls of
MWNTs were nonuniform and agglomerated, with
an outer diameter of around 110 nm.
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